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HYDROCARBON SOURCE ROCK

BRIDGEWATLR BAY NO. 1

SUMMARY

Organic geochemical analyses performed on well cutting
samples between 1130m to 4200m in the Phillips Australian
0il Company, Bridgewater Bay No. 1 well drilled in
Vic-P-14 offshore Victoria, Australia in the Otway Basin

have indicated:

° The rocks from 2800m to 3200m are marginally mature and
considered to be in the initial stages of petroleum
generation. Reliable maturity data is unavailable for
the remaining intervals penetrated by this well, however,
we suspect that the maturity at the bottom of the
well does not exceed 0il generating maturation levels.

° The rocks between 2700m to 3550m have an overall poor
0il and gas source character with marginal to moderate
hydrocarbon source potential at 2700m, 2945m and 3050m.

° The rocks below 3550m are contaminated with an oil base
mud additive, which has affected the total organic carbon
and pyrolysis results. The Cl-C7 1ight hydrocarbon
results appear to be unaffected, however the values are
low and indicate these rocks have poor oil and gas

generating capabilities.

A

PAUL TYBOR




INTRODUCTION

Organic geochemical analyses have been pérformed on well
cutting samples between 1130m to 4200m in the Phillips
Australian 0il Company's Bridgewater Bay No. 1 well,
drilled in Vic-P-14 offshore Victoria, Australia in the
Otway Basin (38° 32'26"S; 141° 21'48"E).

The purpose of this study has been to evaluate the hydrocarbon
source quality (oil vs gas), richness and state of thermal
maturity (pre oil, oil-generative, post oil-generative) of

the rocks analysed from this well.

Analytical

The samples from this well were assigned the Analabs Job
Number 31840. A total of two hundred and seventy-seven (277)
wet canned well cuttings were submitted to Cl-C7 light
hydrocarbon head space gas chromatography. Another thirty-one
(31) samples, which were picked and high graded by Phillips
personnel, were analysed by % total organic carbon and Rock-
Eval pyrolysis analysis. Four (4) samples were chosen for
vitrinite reflectance, and these were sent to David Marchioni

and Associates for assessment.

The results of these analyses are presented in the following:

Type of Analysis Figure Table
Cl-C7 light hydrocarbon head space gas 1 1
chromatography

% total organic carbon determination 2 2
Pyrolysis analysis 2 2

Vitrinite reflectance and coal maceral 1,2,3

description



A description of the various analyses performed on these
samples is provided in the Theory and Methods section,

located at the rear of this report.

General Information

Copies of this report have been sent to Mr. Dave Murray

of the Phillips Australian 0Oil Company in Perth, Western
Australia. Any questions regarding the data or interpretations
given herein may be directed to either Mr. Paul Tybor or Dr.
Garry Woodhouse of Analabs, Perth, Western Australia.

All of the contents contained in this study are considered
proprietary to the Phillips Australian Oil Company, and are
treated as highly confidential material by all Analabs

personncl.,
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RESULTS AND INTERPRETATIONS

A. Thermal Maturity of Sediments

The maturity data available for samples from this well are
limited due to apparent poor quality organic matter,within the
sediments, and contamination added to the drilling mud.

Vitrinite reflectance was performed on four samples at 2800m,
3200m, 3600m and 4200m, with only the two samples at 2800m
and 3200m containing measurable vitrinite. Both samples gave
marginally mature reflectances (0.55 % Ro and 0.53 % Ro;
Figures 1, 2 and 3), which places these rocks in the initial

stages of petroleum generation,

Tmax pyrolysis temperatures were obtained from thirty-one (31)
picked cuttings samples. The temperatures in the contaminated
zone below 3600m are interpreted to be unreliable due to this
contamination. In the overlying uncontaminated section the
temperatures vary greatly, without any recognisable maturity
trend present. The pyrograms illustrate very erratic S2
peaks, the peak at which Tmax is recorded, which we interpret
to be due to the poor quality organic matter present in these

samples (ie. reworked, inertinite).

In summary, the sedimentary section penetrated by this well,
has probably experienced a low degree of thermal maturation,
based on the marginally mature % Ro values obtained at 2800m
and 3200m. Below these depths we can only speculate on

the maturity of the rocks, however, we feel that the
sediments do not obtain levels much higher than marginally/
moderately mature, and would be within the top to middle

portions of the o0il window.



.

B. Hydrocarbon Source Characterisation

Due to the drilling mud contamination present in the samples
below 3600m, it is difficult to determine -he hydrocarbon
source rock character of these sediments. However, the
Cl—C7

does not appear to have affected, as has the % T.0.C. and

light hydrocarbon headspace gas chromatography data

pyrolysis data. This gas data is low (Figure 1; Table 1),
and consequently we interpret these sediments have poor

hydrocarbon source rock characteristics.

The samples in the uncontaminated section contain good amounts
of organic matter (>1.0% T.0.C.; Figures 1 and 2; Table 2),
but the quality appears to be low due to the overall low
hydrogen index values observed (Figure 2; Table 2). As a
result, the potential yields are low (Sl+Sz; Figure 2; Table
2), which gives these sediments an overall poor hydrocarbon
source character. The samples at 2700m, 2945m and 3050m, have
moderate hydrogen index values, with marginal to moderate

potential yields.

In summation, the sediments between 2700m to 3600m have overall
poor o0il and gas source potential, with thin zones at 2700m,
2945m and 3050m having marginal to moderate oil and gas
potential at higher levels of thermal maturity.



PE902247

This is an Enclosure indicator page.
The enclosure PE902247 is enclosed within the container PES00161
at this location in this document.

The enclosure PE902243 has the following characteristics:

ITEM_BARCODE = PE902247
CONTAINER_BARCODE = PES00161
NAME = Bridgewater Bay 1 Figure 1

(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation C1-C7 Light

Hydrocarbon
BASIN = OTWAY
TYPE = WELL
SUBTYPE =LOG
DESCRIPTION = Bridgewater Bay 1 Figure 1

(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation C1-C7 Light

Hydrocarbon
W_NO =W831
WELL_NAME = BRIDGEWATER BAY-1
CLIENT_OP_CO = PHILLIPS AUSTRALIAN OIL

COMPANY
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PE902246

This is an Enclosure indicator page.
The enclosure PE902246 is enclosed within the container PE900161
at this location in this document.

The enclosure PE902246 has the following characteristics:

ITEM_BARCODE = PE902246
CONTAINER_BARCODE = PE900161
NAME = Bridgewater Bay 1 Figure 1

(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation C1-C7
Light Hydrocarbon

BASIN = OTWAY

TYPE =WELL

SUBTYPE =LOG

DESCRIPTION = Bridgewater Bay 1 Figure 1

(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation C1-C7

Light Hydrocarbon
W_NO =W831
WELL_NAME = BRIDGEWATER BAY-1
CLIENT_OP_CO = PHILLIPS AUSTRALIAN OIL

COMPANY
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PE902245

This is an Enclosure indicator page.
The enclosure PE902245 is enclosed within the container PE900161
at this location in this document.

The enclosure PE902248 has the following characteristics:

ITEM_BARCODE
CONTAINER_BARCODE
NAME

BASIN

TYPE
SUBTYPE
DESCRIPTION

W_NO
WELL_NAME
CLIENT_OP_CO

= PE902245

= PE900161

= Bridgewater Bay 1 Figure 2
(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation

= 0OTWAY

=WELL

=LOG

= Bridgewater Bay 1 Figure 2
(Appendix 7) ANA-LOG Hydrocarbon
Source Rock Evaluation S1, S2, S3, HI,
Ol & PI

=W831

= BRIDGEWATER BAY-1

= PHILLIPS AUSTRALIAN OIL
COMPANY
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PES02244

This is an Enclosure indicator page.
The enclosure PE902244 is enclosed within the container PES00161
at this location in this document.

The enclosure PE902244 has the following characteristics:

ITEM_BARCODE = PEQ02244
CONTAINER_BARCODE = PE900161
NAME = Bridgewater Bay 1 Figure 3 (Appendix

7) Vitrinite Reflectance & Coal Maceral
Identification

BASIN = OTWAY

TYPE = WELL

SUBTYPE = DIAGRAM

DESCRIPTION = Bridgewater Bay 1 Figure 3 (Appendix

7) Vitrinite Reflectance & Coal Maceral
identification

W_NO =W831
WELL_NAME = BRIDGEWATER BAY-1
CLIENT_OP_CO = PHILLIPS AUSTRALIAN OIL

COMPANY



DEPT. NAT. RES & ENV

SRIARRAN FLSURE :3
P PE9Q2244 VITRINITE REFLECTANCE AND COAL MACERAL IDENTIFICATION
CLIENT NAME : PHILLIPS AUSTRALIA DATE : MARCH 1984 WELL NAME : BRIDGEWATER BAY #1 CLIENT NAME :PHILLIPS AUSTRALIA DATE : MARCH 1984 WELL NAME : BRIDGEWATER BAY #4
DEPTH OR SAMPLE No : 2800 Meters SAMPLE TYPE : CUTTINGS DEPTH OR SAMPLE No : 3600 Meters SAMPLE TYPE : CUTTINGS
(Total No. of Readings = 2) 0.54 0.57 . (Totsl No. of Readings = 0)
VITAINITE REFLECTANCE —m—mM8M —————— —— MACERAL IDENTIFICATION — ——————— VITRINITE REFLECTANCE ——MACERAL IDENTIFICATION ——
POPUATION | MNo. of Nean Nin. Max. STD. i X 3 F 3 | POPULATION I No. of Nean I Hin. l [ I3 l 1 L 2 [ I3 1
[Nusber| 3 | Readings | Ro (X Ro (X Ao (X) | Dev. X Comsents Alginite | Exinite | Vitrinite |Inertinite Nusber] I | Aeadings | Ro (X) Ao (X Ro m Dev Comments Alginite | Exinite | Vitrinite|Inertinite
1 | 100 2 0.58 0.54 0.57 0.02__|INDIGENOUS (I) 0.00 80.00 25.00 15.00
N -]
N 20— 1] J
U ] ¥ ]
L) 4 B 4
8 : E 151
E 15 R ]
A ] 0 ]
0 ] F 10 NO MEASURABLE VITRINITE
o oad B ] -
E ] A ]
A ] D 54
0 s i ]
1 -
N . § ]
6 1 H ]
] ——rrT T
s —r——15 ——rrrr7r—T—rr—rrrrr 1 2 3
1 2 1 VITRINITE  REFLECTANCE
VITRINITE  REFLECTANCE
[ M
!
CLIENT NAME : PHILLIPS AUSTRALIA DATE : MARCH 1984 WELL NAME : BRIDGEWATER BAY #1 CLIENT NAME : PHILLIPS AUSTRALIA DATE : MARCH 1984 WELL NAME : BRIDGEWATER BAY #1
DEPTH OR SAMPLE No : 3200 Meters SAMPLE TYPE : CUTTINGS DEPTH OR SAMPLE No : 4200 Meters SAMPLE TYPE : CUTTINGS
)
‘ (Total No. of Readings = 3) 0.50 0.5 0.58 (Total No. of Readings = 0)
VITRINITE REFLECTANCE —8M8Mm8 8 ———— ——MACERAL IDENTIFICATION —— VITRINITE REFLECTANCE—— ——MACERAL IDENTIFICATION ——
‘ POPULATION | No. of Nesn Hin. Max. STD. : 1 I3 1 [ mu No. Nin. I I | I 3 r 1
Musber] X | Readings | Ro X | Ro (X | Ro (X} | Dev. Comments Alginite | Exinite | vitrinite [Inertinite Nu Rud: Ro_(X) Fh m bev. () Comments Alginite | Exinite | vitrinite|Inertinite
1 | 100 3 0.52 0.50 0.56 0.03__ | INDIGENOUS (T) 0.00 11.00 4.00 85.00
N 207
i N 20 v ]
i U N E
N B h
B E 154
, E 15 A ]
‘ A 0 )
) F 10 NO MEASURABLE VITRINITE
Foo A ]
E )
. A P
a ! 1 sy
i 0 5 1 .
1 N ]
, N § ]
1 g s P T T [T r—t—]
: —t———1 7T 1 2 3
1 2 3 VITRINITE  REFLECTANCE

[ VITRINITE  REFLECTANCE



TABLE 1

WELLNAME = BRIDBEWATER BAY M DATE OF JOB = JANUARY 1984

HEADSFACE ANALYSIS DATA

DEPTH (s HETHANE  ETHANE  PROFANE  ISOBUTANE  BUTANE C1-C4 C2-C4  YWETNESS  C5-C7 i-C4/n-C4
1130.0 157.17 29 .5 0.5 0.3 159.8 2.1 1.3 <0.1 1.83
1140.0 162,20 0.5 0.2 .4 0.2 163.4 1.4 9 0.1 1.83
1150.0 721.1 14.3 8.8 .1 3.3 753.6 32,5 4.3 <0.1 1.83
1160.0 164.3 1.4 0.7 0.4 0.2 167.0 2.7 1.6 0.1 1.83
1170.0 1.2 1.8 0.9 0.4 G.1 314.4 3.2 1. <0.1 2.8v
1180.0 1072.3 1.3 0.7 0.3 <0.1 1074.8 2.6 .2 +0.1 bdl
1196.0 934.6 6.2 0.3 0.1 0.1 §35.2 0.7 .1 10.3 bdl
1206.0 237.8 0.9 6.5 0.2 0.2 2397 1.8 .8 164.7 0.75
1210.0 240,6 1.3 0.7 0.3 0.3 243.2 .5 1.0 199.6 ¢.88
1229.90 87.9 0.6 0.4 ¢33 <0.1 §9.3 1.5 1.7 45,7 bdl
1236.0 145.6 b v.4 0.3 0.2 147,90 1.4 9 166.4 173
1240.¢ 062.2 2.2 0.4 0.3 .1 663.2 3.0 .4 26.5 2.4%
1250.0 479.5 1.4 0.3 0.z (0.1 481.1 f.6 ) 12.5 bdl
1260.0 2014.1 (O] 0.3 <.l G.2 2015.1 .G WU 70,8 bdi
1276, 0 1723.1 0.7 0.4 1 0.3 1724.7 £.5 .1 3Z.4 0. 4u
1283.0 1457.5 (U] .4 <0.1 0.2 1458.7 1.2 . 112.2 bdl
1310, 0 115.0 1.0 0.4 0. § 0. 116.4 1.4 1.2 46.9 bdi
1344.¢ 115.8 ¢.8 0.3 <01 0.1 116.5 1.1 9 34,0 bdl
1370, 4 232 i 0.7 0.1 <0.1 126.0 z.B 2.2 122.3 bdl
1430,0 47.9 i1 0.9 <@.1 0.1 31.0 3.1 6.0 §5.7 bdl
1430, 6 160.8 2.8 1.2 0.9 0.3 171.a 4.8 2.8 77.9 1.67
1460, 0 75,7 1 ¢.8 0.5 0.3 8l.4 3.7 4.5 67.5 1%
1454090 120.5 1.3 .6 0.3 0.1 122.8 2.3 1.9 67.4 .00
1596, ¢ 108.9 2.2 o9 0.4 0.2 112.0 3.7 3.3 87.4 .67
1526, ¢ 2315.6 3.9 1.3 0.8 0.4 £322.4 6.6 .3 24,0 .12
1550.9 183.6 a1 .9 .3 .1 187.0 3.4 1.8 39.9 2,26
1580, 250.4 (.9 0.4 0.2 (0.1 2920 1.5 ] 10,5 bdl
160y, 0 586.4 1.1 0.3 {01 0.1 587.8 1.4 .2 3.1 bdl
1630.0 7.6 1.8 1.4 6.7 0.6 12.6 4.4 36.9 0.4 1.1s
1640.0 10.4 1.8 1.7 .9 Lo 15.8 3.4 35.9 0.5 0.96
16604.0 14.0 1.7 1.4 6.7 1.3 19.2 a1 26.8 3.5 0.57
1670.0 8.7 .8 3.3 .6 1.4 17.9 .3 3.0 2.9 1.1s
1680, 0 9.8 .9 Z.§ 1.3 1.5 18.5 B.6 46.7 4.3 .86
1090.0 7.9 2.4 2.3 1.2 1.4 15.4 7.4 46.5 4.3 0.84
1765.0 12.3 2.0 2.8 1.2 2.3 1.1 6.8 41.8 3.6 ¢.53
17150 17.9 4.2 4.3 1.8 3.3 31.5 13.6 43.1 9.7 (.93
1720.0 6.9 1.5 1.4 6.3 4.3 14.6 5.7 35.0 .1 0.22
1730.0 11.4 1.3 1.3 .9 1.0 15.8 4.4 7.7 1.7 0.51
1740.0 27.7 3.0 4.2 1.5 1.2 39.7 12,0 30.2 4.0 1.24
1756.6 23.4 4.4 2,1 1.2 1.2 32.3 8.9 27.6 3.2 1.05
1760.0 18.86 6.3 51 1.3 0.8 32.4 13.7 42.1 0.7 1.84
1770.0 20.7 5.7 11.0 3.9 2.2 47.4 26.8 56.4 5.4 1.81
1760.0 16.3 5.9 6.6 2.6 2.8 33.8 17.5 o1.8 3.9 0.%90
1790.0 17.1 2.9 2.2 0.8 5.4 28.4 1.3 39.8 6.2 G.15
1800. 0 27.5 3.2 1.8 0.3 3.6 3b.6 5.1 24.9 7.0 0.15
1816.0 27.9 A 2.2 0.9 3.1 37.7 9.6 25.9 7.3 0.27
1820.0 13.5 15.7 14.5 4.0 1.8 49.4 3.9 74.6 15.1 2.3
1630, 4 43.7 11.9 9.5 2.3 1.7 70.1 26,4 37.6 0.7 1.9

N.B. 1. BAS CONCENTRATIONS EXPRESSED IN PPM (VOL. G6AS/VOL. SEDIMENT)
2. bdl = BELOW DETECTION LINIT
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TABLE 1 (cont)

WELLNAME = BRIDBEWATER BAY #1 : DATE OF JOB = JANUARY 1984

HEADSPACE ANALYSIS DATA

DEPTH{m) HETHANE  ETHANE  FROPANE  ISOBUTANE  BUTANE C1-C4 Cz-C4  7WETNESS  C3-C7  1-C4/n-Cd
1840.0 23.3 16.6 13.2 3.2 1.3 37.6 34,3 55.6 1.0 2.50
1850.0 9.3 15.4 10.9 .4 1.2 39.1 25.8 76.2 1.4 2.02
1860, 1.2 6.4 4.3 1.0 0.4 23.3 12.2 92.1 0.2 2,45
1870.0 15.4 13.0 9.8 Z.8 1.3 42.2 26.9 63.0 2.4 2,10
1880.0 20.3 10.9 8.6 3.1 1.7 4.6 24.3 94.5 4.8 1,79
1890. ¢ 13.1 16.1 7.3 2.6 1.2 34.5 21.4 61.9 1.8 2,10
1900.0 15.6 10.8 7.5 3.7 1.8 39.3 23.8 60.4 2.9 2.00
1910.0 23.3 10.0 7.8 3.6 2.3 47.1 236 50,1 6.7 1,97
1920.0 26.0 16.6 13.2 6.0 3.5 63.3 39.3 60.2 12.7 1.74
1930.0 26.8 7.3 4.6 2.2 1.0 41.9 15.1 Jo.0 3.0 2.2
194¢.0 21.1 12.8 9.2 3.8 1.9 34.8 27.7 50,0 3.9 .01
1990, ¢ 12.5 3.9 1.8 0.6 0.2 18.9 6.5 34.2 0.4 .42
1960.0 6z.3 36.1 20.7 6.5 2.8 128.4 6.1 3.3 3.2 2.36
1970.0 J6.6 41.5 22.9 7ed 3.6 132.1 75.4 37.1 3.9 2,10
198¢.0 44,5 46.6 12.3 3.7 1.4 108.0 4.1 59.0 1.4 2,57
1990.0 29.8 12.9 7.9 2.7 1.2 34.2 24.3 44.9 1.5 .20
2000.0 33.9 16.7 1.2 Z.4 1.0 81.3 27.4 3.7 3.0 2.36
2010.¢ 49.1 14.1 6.6 2.6 1.3 73.6 28,3 33.3 3.0 2.05
2020.6 36.9 10.2 9.6 2.2 1.1 37.9 19.0 32.8 2.6 2.0z
2030, 0 3.4 12.4 6.8 2.8 1.2 74.6 23.2 KIS 3.0 2.31
2040G.0 42.9 1.8 4.1 2.1 f.1 97.9 15.0 25.9 4.5 1.596
2051,90 46,0 10.1 6.4 2.6 1.3 00.4 20.4 337 3.4 .11
2060,0 45.9 10.6 6.1 2.8 1.3 06.5 20.6 3. 2.4 1.96
2076.0 43.7 9.2 3.3 2.3 1.9 6.1 18.5 28.8 Lo 1.54
20809 §0.0 1.3 3.7 2 1.1 100.5 20.5 20.4 2.8 2.14
2050. ¢ 81.9 13.5 7.5 2.8 1.4 109.5 27.6 3.3 3.z 1.97
2093.G 78.0 19.9 14.4 6.2 2.5 121.4 43.4 35.7 4.9 2.10
2120.0 18.9 4.4 2.9 1.6 0.9 28.7 9.8 34.1 3.4 1.72
2130.0 3.4 4.8 3.3 2.0 1.2 47.7 11.4 23.8 3.6 1.70
2140.0 50,0 2.3 3.2 4.0 f.3 61.8 11.8 15.1 34 1.57
2130. ¢ 48.5 6.3 3.7 2.2 1.2 6Z. 0 13.5 21.8 3.3 i.82
z160.0 11.9 2.5 1.4 (.6 0.4 lo.B 4,9 5.0 5.0 1.36
2170.0 17.9 Lo 1.9 0.7 0.6 24.8 6.9 7.7 7.1 1.20
2180.9 04.3 7.0 5.4 3.7 {.4 8z.3 18.0 1.9 2.0 2.76
2190, 0 17.6 9.1 5.4 1 0.9 93.2 17.6 18.4 1.3 .23
2206.9 75.1 8.0 4.9 2.0 0.5 91.4 16.3 17.9 1.5 2,15
2210.0 139.2 11.8 6.0 2.3 1.1 160G.3 21.1 13.2 2.0 2.07
2726.0 63.3 7.2 4.4 2.1 1.3 80.2 4.9 18.6 2.1 1,66
2230.0 1117 14.0 6.1 2.2 0.9 134, 3.2 17.2 7.4 2,34
2249.0 279.3 36.5 15.8 4.7 2.3 338.6 99.3 17.5 4.2 2.09
2250.0 309.6 38.3 13.0 3.0 0.9 364.9 35.3 15.1 1.3 3.20
2260.0 427.1 45.7 17.3 3.3 1.2 494.9 87.8 13.7 2.9 2,50
2270.0 443.1 46.3 16.4 3.6 1.2 3127 69.6 3.6 2.1 .9
2280.0 473.9 36.9 15.8 3.0 0.9 482.5 38.6 12.1 1.2 3.23
2290.9 476.1 48.3 17.9 3.1 1.3 546.7 70,6 12.9 1.3 2.4z
2300.0 695.7 52.4 17.8 2.9 1.0 709.7 74.1 9.6 1.2 .59
2310,0 912,35 50.2 12.2 1.9 0.6 977.4 64.5 0.6 0.7 3.22
2326.9 453.7 44.2 14.0 2.4 0.9 5153.3 61.95 11.3 1.3 2.63

N.B. 1. BAS CONCENTRATIONS EXPRESSED IN PPN (VOL. BAS/VOL. SEDIMENT)
2. bdl = BELOW DETECTION LIMIT



WELLNAME = BRIDGEWATER BAY 41

DEFTH(s)
2330.0
2335.0
2350.0
2300.0
2370.0
2380.0
2390.0
2400.0
2410.0
2420.0
2430, 0
2440.0
2450, 0
2460.0
2470, ¢
2480.9
2490.0
2500, G
2510.¢
7520,0
2330.0
7340.0
2550, ¢
2560.0
2570,0
2980.9
2590.0
2600, 0
2610.0
2620.0
2630.0
2640.0
2650.0
2660, 0
2670.0
2680.0
2650.0
2706.90
2710.0
2720.0
2736.0
2740.0
2750.0
2760.0
2770.0
2780.0
2790, 0
2800.,0

HETHANE
583.6
1516.8
490.0
560.1
543.3
037.9
1343.0
1731.8
1575.9
1037.7
946.4
2B83.8
263.1
490.0
118.1
218.4
673.5
353.4
952.2
635.3
471.5
427.9
610.9
413.8
649.7
554.0
801.9
§68. 6
1497.1
1122.0
837.0
492.1
476.3
203.6
621.7
1042.5
1842.1
362.6
1096.4
133%.7
759.1
1162.7
892.7
1437.9
1399.0
2239.1
1697.1
1349.2

N.B.

ETHANE
62,6
208.4
B4.9
87.3
126.4
111.9
118.8
191.5
126.3
151.6
111.9
35.4
3Z.4
0.6
23,7
2.6
97.3
95.2
B6.3
9.5
01,3
63.4
17.6
38.9
62,9
73.7
117.3
120.8
159.6
152.8
101.3
74.6
68.1
27.0
37.8
103.3
382.5
36.0
174.8
195.4
126.8
138.2
80.7
149.6
112.6
171.5
94.1
87.2

1. 6A5 CONCENTRATIONS EXFRESSED IN PPM (VOL. BAS/VOL. SEDIMENTI

TABLE

{ (cont)

HEADSPACE ANALYSIS DATA

PROFANE
16.8
97.4
23.5
21.8
39.6
4.6
5.9
76.6
96.3
73.1
54.0
27.6
23.9
45.7
25,6
17.3
63.9
45.7
71.9
b0 6
36.0
53.7
45.9
3.7
49,2
od.1
107.7
96.7

108.3
95.1
78.0
39.0
47.9
30.6
47.0
B1.3

465.0
63.2

169.7

149.2

100.0

107.9
51.2

118.6
69.2

103.9
59.0
64.8

ISOBUTANE
2.8
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151,90
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35.9
25.6
36.0
21.0
25.7

2. bdl = BELOW DETECTION LIMIT

BUTANE
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20,0
14.3
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5.6
13.1
20.4
146.9
18.7
36.9
28.3
21,3
28.5
17.2
33.6
30.4
25.9
16.2
17.1

C1-C4
606.5
1845.3
003.2
73.6
816.2
805.2
1534.6
2027.7
1761.1
1289.1
730.3
360.1
355.2
647.4
186.2
271.6
873.5
487.3
151.2
BI5.0
968.3
577.3
796. 0
396.6
786.7
7z8.9
1088,
1139.7
14159.7
1417,
1062,
638.
657.
284.1
764.8
1278.9
3033.4
528.95
1536.2
1765.9
1043.9
1472.3
1056. G
1795.5
1636.8
2582.0
1867.3
1544.1
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WELLNAME = BRIDGEWATER BAY 81

DEPTH{aj
2810.0
2620,0
2890.0
2900.0
2910.0
2920.0
2930, 0
2940.0
2950.0
2960.0
2976G.0
2980.0
299G, 6
3060, 0
3010.0
3020.0
3030.0
3040.0
3050.0
3060. 0
3076.0
308G, 0
309G, 0
3100.0
31100
3120.0
3136.0
3140,
315G.0
3160.6
317¢.0
318¢.0
3150,0
3200.0
3710.0
32Z24.0
3230.0
3240.0
3250.0
3260.0
3270.0
3280.0
325G, 0
3300.0
3310.0
3320.4
3330, 6
3340.0

HETHARE
913.6
1314.2
1510.8
1852.2
875.6
1556.7
1856.5
1170.8
1168.3
1254.0
1183.6
1069.5
B32.0
1296.2
1705.8
1374.7
1392.1
750.9
915.1
847.7
749.6
987.6
1393.4
1222.9
1146.4
461.2
968.3
766.9
707.9
815.1
BofB. 0
801.9
813.8
§98.9
1211.5
709.4
897.9
B887.0
577.4
607.2
507.0
1211.4
1440.3
1435.2
1156.9
1266.4
1008.6
720.8

ETHANE
96,3
87.9
165.3
231.8
127.5
187.6
234.5
179.9
191.1
211.0
129.6
135.8
126.8
214.4
232.9
191.9
174.9
110.1
143.5

96.6

95.0
101.0
107.5
116.9
138.4

33.3

74.5

98.8

92.2

83.3
110.3

{. BAS CONCENTRATIONS EXPRESSED IN PPM (VOL. BAS/VOL. SEDIMENT)

TABLE

1 (cont)

HEADSFACE ANALYSIS DATA

PROPANE
37.0
62.8
78.3

113.9
17.7
101,95
132.3
1140
116.8
118.7
62.7
71.8
76,2
110.9
106.%
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2. bdl = BELOW DETECTION LINIT

BUTANE
8.9
18.7
10.0
14.9
15.4
15.7
26.1
26.3
20.1
15.7
8.2
8.8
10.6
5.6
13.4
13.9
12.1
10.1
12.4
6.9
10.9
8.5
6.7
1.9
14.3
3.0
10.9
14.6
12.4
9.8
20,5
15.1
22.6
34.6
38.7
14.7
16.4
14.1
13.3
15.8
15.7
21.3
26.7
45.9
28.8
24.2
70.2
19.7

C1-C4
1029.1
1504.5
1785.0
2240.8
1117.7
1887.3
2281.5
1519.3
1517.5
1616.7
1392.7
1295.2
105¢.6
1653.8
2081.0
1694.3
1685.4
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1170.5

997.6

923.0
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WELLNAME = BRIDGEWATER BAY #1

DEPTH{e)
3350.0
3360.0
3370.0
3380.0
3390.0
3400.0
3410.0
3420.0
3430.0
3440.0
3450, 0
3460.0
3470.0
3480.0
3490.0
3500.0
351G.0
3520.0
3530, G
3540.0
3560G.0
3570.90
3560.0
3590,¢
3600.6
3610.0
3620.0
3630.0
3640.0
3650.0
3660.0
3670.0
J68B0. 0
3650.0
3700.0
3710.0
3720.6
3736.0
3740.0
37506.0
3760.0
3776.0
3786.0
3790.0
3800.0
3810.0
1820.0
3630.0

HETHANE
654.8
792.7

1265.4
768.4
1012.6
90B. 1
275.3
1563.1
1897.9
1653. 6
100.0
044.9
1467.8
1852.6
1286.6
955.2
2317.6
1332.3
970.3
2462.8
571.0
1092.4
899.1
Job. |
285.8
186.7
131.7
278.2
984.6
1066. 6
823.3
1066.0
2636.4
B24.8
166.4
1106.2
947.7
559.1
1735.0
1130.5
621.0
344,2
650.8
994.5
1066.4
907.7
1385.4
1492.3

N.B.

ETHANE
88.0
139.3
229.5
110.4
135.4
115.3
191.1
264.2
285.7
240.5
18.6
86.7
163.5
250.5
160.7
120.6
341.1
228.7
128.3
342.2
3067.2
209.1
217.3
46.6
al.2
21.3
22.3
30.4
221.%
L6
175.5
200.7
370.06
165,90
36.3
209.9
209.2
115.3
315.4
140.0
4.2
44.6
89.1
184.3
197.7
146.3
299.8
308.5

6AS CONCENTRATIONS EXPRESSED IN PPM (VOL. GAS/VOL. SEDIMENT)
2. bdl = BELOW DETECTION LINIT

THBLE

1 (cont)

HEADSPACE ANALYSIS DATA

PROPANE
163.1
152.2
205.2

99.2
141.0
100.2
472.3
168.4
202.2
172.0

15.6

69.1
124,46
188.2
100.3

79.5
241.9
160.2
101.2
226.0
416.3
208.4
333.7

87.2
139.8

47.4

51.9

43.8
221.1
259.5
196.5
143,46
485.2
146.0

34,2
1468.8
192,2

B6.5
212.9

92.9

61.2

38.3

$8.7
145.3
144.7
114.5
286.7
230.1

ISOEUTANE
35.3
46.5
53.6
29.9
43.0
29.9

191.6
31,0
47.9
38.9

3.6
17.9
29.9
39.4
20.9
7.0
47.6
26.7
2.9
39,7
§3.6
33.9
6Z.6
13.2
28.3

8.0
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BUTANE
21.8
27.8
30.1
17.1
25.9
16.6

164.7
18.1
34.8
26.9

2.6
1.1
21.4
30.9
14.1
11.0
35.1
19.2
18.3
32,7

163.3
5.9
83.2
17.3
31.4
10.2
11.2

8.0
98.8

105.3
B8l.6
63.9

257.3
62.6
20,6
73.9
98.8
30.0
93.0
33.8
22.0
12.6
30.5
89.6
36.6
44.6

137.2

106.0

C1-C4

902.9
1158.4
§1783.7
1024.9
1357.5
1170.1
1233.3
2044.7
2468.6
2133.9

140.4

823.3
1807.2
2361.8
1582.6
1183.9
2980.7
1987.1

124141

310%.5
6243.4
1589.7
1396.0
332.4
336.5
275.7
225.0
37,2
1557.5
1690.8
1311.7
1489.5
4021.4
1215.9
263.0
1584.0
1477.4
8G3.2
2383.3
1411.4
789.0
445.8
850.8
1416.4
1485.2
1231.9
2153.5
2172.8

DATE OF JOB = JANUARY 1984

Cz-C4
248.2
365.7
518.3
256.6
344.9
262.0
979.8
481.6
370.7
478.3

46.4
178.4
339.4
509.0
296.0
228.7
665.7
434.8
210.7
040.7
5672.4
457.2
696.8
166.3
250.7

87.4

3.2

89.0
372.9
624.2
486.5
423.9
1383.1
395.1

56.6
477.8
529.7
284.1
630.3
280.9
166.0
101.6
200,0
§21.9
418.7
324.3
768.1
oB0. 4

IWETNESS

27.5
.6
29.1
25.0
25.4
22.4
78.1
23.6
23.1
22.4
28.8
.7
8.8
21.6
18.7
19.3
22.4
22,1
21.8
20.6
0.9
31.3
43.7
31.2
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36.2
35.9
30.4
7.3
19.9
21.3
22.8
23.5
29.8
28.2
26.3
35.7
313

£5-C7
13.2
16.5
16.3
12,3
18.3
11.3
142,40
13.8
26.4
19.0
1.8
7.3
16.9
22.8
16.§
7.9
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14.5
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1368.5
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65.9
167.9
127.1
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1.76
1.74
1,69
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0.88
0.9G
0.7
(.69
G.72
(.32
0.45
(.43
0.25
U.28
0.34
.27
0.35
0.30
0.41
0.28
0.42
0.46
0.49
(.38
0.33
0,35
0.42
¢.32
0.34
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NELLNAME = BRIDGEWATER BAY #1

DEPTH(m)
3840.0
3850.0
3866.0
38706.0
38B0.0
3890.0
3900.0
3910.0
3920.0
3936.0
3940, ¢
3950.0
3960, 0
3976.0
398¢.0
3990, 6
4006.0
4010.0
4020.0
4030.0
4040, ¢
4050.0
40560, 0
4070.0
4080.0
4090.0
4160, 0
4110.0
4120.0
4130.0
4140.0
4150.0
4160.0
4170.0
4180.0
4196.0
4200,0

HETHANE
1825.0
1558. 4
1067. ¢
1175.3
1586.9
1187.0
2484.0
1514.6

888.7
1627.0
2722.0
2322.7
1560.2
1820.7
1738.9
1238.5
2031.3
2699.3
2856.8

1844.7
1077.8
1773.0
407.3
468.4
238.2
405.8
950.8
434.4
240.8
247.1
157.3
349.8
478.9

N.B.

ETHANE
339.3
288.2
215.2
177.6
320.0
417
§58.6
280.6
150.5
322.9
409.3
322.1
225.1
208.3
236.3
148,90
254.5
389.9
296.7

71.6
6.2
34.0
282.9
196.6
B5.9
1400
To.1
54.9
0.3
70.8
93.0
75.6
37.7
4.5
31.6
82.8
98.5

1. 6AS CONCENTRATIONS EXPRESSED IN PFM (VOL. 6AS/VOL. SEDIMENT)

TRELE

{ (cont)

HEADSPACE ANALYSIS DATA

PROPANE
217.1
188.1
149.2
110.0
221.2
149.8
321.1
183.2

99.8
220.8
235.7
180.3
147.0
145.5
113.5

73.3
1110
194.3
132,90

ISOBUTANE
26.8
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2. bdl = BELDW DETECTION LIMIT

BUTANE
89.8
69.4
69.9
§0.7
92.9
60.8

153.1
0.2
40.6

112.7
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26.0
45.9
43.9
24.2
41.8
38.5

8.0
14.8
16.5
16.6
12.0

B.6
13.3

9.5
16.6

13.6

C1-C4
2498.0
2129.2
1540.0
1516.0
2248.3
1659.4
3497.4
2084.5
1193.6
2523.3
3492.9
2936.2
2032.7
2325.8
2151.9
1497.7
2454.5
3554.2
3352.5
1110.4

635.6

706.3
3975.8
2258.3
1282.5
2115.6

656,68

376.1

394.0

366.0

760.5

992.8

324.9

354.6

276.4

332.9

009.3

DATE OF JOB = JANURRY 1984

C2-C4
873.0
570.8
453.90
340.7
061.4
472.4
1013.3
970.0
304.9
695.6
771.6
613.6
472.5
505.1
413.6
259.2
4:3.7
654.9
535.8
170.5
106.5
143.9
598.3
413.6
204.7
J42.6
249.5
107.6
135.8
160.2
209.7
158.3
84.1
107.5
79.1
183.1
130.4

1NETNESS
26.9
0.8
29.4

22,5

C3-C7
117.8
8.0
1062.3
51.0
105.1
61.2
171.5
52.4
42.7
148.1
99.6
97.6
106.9
87.0
39.6
3.3
42,9
go. 7
74.3
33.8
30,0
Jo.4
63.0
129.5
3Z.4
33.6
2.1
21.0
29.6
3.5
23.90
16.0
20.6
38.9
21.0
25.0
31.5

i-C4/n-C4
0.39
0.36
0.27
0.30
.29
0.33
0.26
0,30
0.35
.35
0.35
0.36
0.35
¢.39
.33
0,37
.33
0.4
0.33
0.42
0.40
0.45
0.04
0.50
0.51
(.92
0.53
0.46
.90
0.44
0.51
0.50
0.46
0,41
0.48
0.53
0.46



WELLNAME = BRIDBEWATER BAY 81

DEPTH(a)

THAX
5145
PC
01

2700.0
2750.0
2800.0
2850.0
2506.0
2945.0
3000, 0
3050.0
3100.0
3150.0
3200.0
3250.0
3300.0
3350.G
3400.0
3450.0
3500.0
3550. G
3000.0
3630. 0
3700.0
3750. 0
3800.0
3850.0
3900.0
3950.0
4000.0
4045.0
4100.0
4150.0
4200. 0

2

THAX
421
483
330
428
501
336
302
303
474
433
508
435
436
454
433
436
428
434
429
431
427
430
429
3t
432
429
425
427
428
426
431

Max. teaperature 52
Potential vield
Pyrolvsable carbon
Oxvgen Index

51
0.66
0.13
0.13
0.13
0.17
0.22
0.21
0.25
0.21
0.19
0.26
0.18
0.30
0.24
0.23
0.33

0.30

2.72
2.64
2.4
0.63
3.76
1.60
2.7
0.69
1.41
0.94
1.14
3.13
0.71
3.82

TRELE 2

ROCK-EVAL PYRGLYSIS DATA (two run)

52
1.76
0.63
0.67
0.30
1.46
2,66
1.03
1.71
0.86
0.66
1.39
0.68
1.06
1.02
0.68
0.73
0.38
1.40
B.58
1.42
0.71

77.34

21.86

15.11
1.82

12.33
5.40
9.38

21.08
3.36

51,640

51
53
T0C
nd

53
1.23
0.24
0.27
0.20
0.64
0.63
0.62
0.70
0.46
0.61
0.86
0.58
0.57
0.53
0.44
G.61
0.35
0.75
1.58
1.10
0.59
3.46
2.50
4.94
0.67
.16
1.06
1.91
3.00
1.10
5. 14

no data

51452
2.42
0.76
0.80
0.43
1.63
2.88
1.24
1.96
1.07
0.85
1.65
0.86
1.36
1.26
0.93
1,06
0.68
4.12

11.22
3.87
1.34

81.10

23.44

47.88
2,51

13.74
6.34

10.52

24,21
4.07

99.42

§2/83
.43
2,43
2.48
1.50
2,28
4.22
§.66
2.44
1.87
1.08
.62
1.17
1.86
1.92
1,99
1.20
1.09
1.87
.43
1.29
1.20

14.16
8.74
9.13
2.72

10.63
5.09
4.91
7.03
3.05

10.04

Volatile hydrocarbons (HC)
Organic carbon dioxide
Total organic carbon

52
Pl
HI

DATE OF JOB = FEBRUARY 1984

PC
.20
0.00
0.07
0.04
0.14
0.24
0.10
0.16
0.09
0.07
0.14
0.07
0.11
0.10
0.08
0.09
0.06
0,34
0.93
0.32
0.11
6.73
1.95
3.97
0.21
1.14
0.53
0.87
2.01
0.34
4.60

HC oenerating potential
Production index

T0C
.18
1.12
0.94

1.06

—
. .
N e e

-y 3 ) =
wtn 0 o O o Lo O o

D st d e O e e pes N s St e e g e
« * & * o ® e « a4 ®© o s o -

~NO s LMoLy MO

~N oy

11.82
4,22
7.01
.24
2,57

LT3

2.26
4.78
0.98
.55

Hydrogen index

H1
i49
56
71
28
1
211
73
130
68
45
116

n
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36
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59
43
30
240
125
73
654
518
643
145
479
32
415
44
342
540
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THEORY AND METHODS

July, 1983

This section details a series of geochemical methods which are commonly used in our laboratory, including

those used to obtain the data presented in this report. Where applicable, the discussion is accompanied by
a summary of the general theory used to interpret the data generated by each method.

1.

SEDIMENTARY GAS ANALYSIS

a) Headspace Analysis

b

~

a)

b)

c)

d)

Headspace analysis is carried out using scaled containers (usually tinned cans) of wet cuttings. The
containers are approximately three quarters filled with the cuttings and water to leave an appreciable
headspace into which volatile hydrocarbons contained in the cuttings diffuse.

After covering about lcmZ of the container 1id with liquid silicone and allowing the silicone to dry,
the procedure involves placing a small hole in the 1id through the silicone, then sampling an aliquot
of the headspace gas with a gas injection syringe, and finally gas chromatographing this sample of gas
under the following conditions: instrument = Shimadzu GC-8APF; column = 6' x 1/8" Chromosorb 102;
column temperature = 110°C; carrier gas = nitrogen at 23mls/min; injector temperature = 120°C; detector
temperature = 120°C; analysis cycle = Cx-C‘ components are flushed from the column in the forward dir-
ection and then the CS-C7 compounds are removed from the column by backflushing.

The integrated areas of peaks representing each of the Cl-C7 components of the headspace gas are compared
to the areas of the corresponding components of a standard gas of known composition. The calculated
amount of each component in the sample gas is adjusted for the total headspace volume and reported as

ppm (parts of gas per million parts of sediment by volume).

Data from headspace analysis is commonly used to identify the zone of o0il generation by piotting gas
wetness (CZ-C4/C1-C4) expresscd as a8 § against sediment burial depth. Gas containing appreciable quan-
tities of CZ'CA components, termed wet gas (Fuex, 1977), is generally considered to be gas associated
with oil generation. 1In addition, the ratio of isomeric butanes can sometimes be used for assement of
sediment maturity (Alexander et al., 1981). The amount of gas in sediments can be used to identify zones
of significant gas generation and out-of-place gas (LeTran et al., 1975).

Cuttings Gas Analysis
This analysis is the same as Headspace Analysis with the exception that instead of analysing the gas in
the container headspace, a known volume of the wet cuttings are transferred to the blender bowl of a

Kenwood electronic blender with the 1id modified to incorporate a septum, water at 75°C is added to leave
a headspace of 160ml, and the mixture is blended at maximum speed for 2 minutes. Following a 2 minute
settling period 1ml of the blending bowl headspace gas is analysed as described in section 1 a).

It is recommended that for the most meaningful gas data both headspace and cuttings gas analysis are
carried out. In such cases we provide tabulations of the headspace, cuttings gas, and combined head-
space/cuttings gas data, Normally, the combined data is used for plotting purposes.

SAMPLE PREPARATION

Cuttings
Cuttings samples are inspected by our qualified geological staff and then water washed according to the

level of drilling mud and the lithology. In special cases (e.g. diesel contaminatjon) it is necessary to
lightly solvent wash samples. After washing, the samples are air dried, either sieved or picked free of
cavings, and crushed to 0.1mm using a ring pulveriser.

Sidewall Cores

Sidewall samples are freed of mud cake and any other visible contaminants, and are also inspected for
lithologic homogeneity. For homogeneous samples, the minumum amount of material required for the reque-
sted analyses is air dried and hand-crushed to 0.1lmm. For non-homogeneous samples, the whole sample is
air dried and handcrushed to 0.1lmm,

Conventional Core and Outcrop Samples

These sample types are firstly inspected for visible contaminants, and where applicable, are freed of
these contaminants to the best of our ability. Commonly, the surface of conventional core and outcrop
samples are lightly solvent washed. The samples are then crushed to approximately 1/8" chips using a
jaw crusher, air dried, and finally further crushed to 0.1mm using a ring pulveriser.

Petroleum/Aqueous Mixtures

The most common sample type in this catagory are RFT tests containing oil, water and mud. The mixture is
placed in a separation funnel and allowed to stand for several hours which enables the petroleum and
water/mud fractions to separate. The neat petroleum is isolated by removal of the lower layer (water/
mud) from the funnel. To remove the last traces of water and mud, the neat petroleum is centrifuged at

moderate speed.

When the volume of petroleum accounts for only a very small part of the sample the method above is unsat-
isfactory and the petrolcum is solvent extracted from the mixturce with dichloromethane. The petroleum is
recovered by carcful evaporation of the solvent from the organic layer.



(i1)
TOTAL ORGANIC CARBON DETERMINATION

The total organic carbon value (TOC) is determined on the unextracted sediment sample. The value is
determined by treating a known weight of sediment with hot dilute HC1 for 1 hour to remove carbonate
minerals, and then heating the residue to 1700°C (Leco Induction Furnace CS-044) in a atmosphere of
pure oxygen. The carbon dioxide produced is transferred to an infra-red detector which has been cal-
ibrated with a series of standards, and the microprocessor of the Leco unit then automatically calcu-
lJates the v TOC in the sample. To ensure reliable dats a standard is run after every 10 samples,
Tegular sample repeats are carried out, and at least one blank determination is carried out for each
batch of samples.

The following scales are normally used for source rock classification based on § TOC data:

Classification Clastics Carbonates
Poor 0.00 - 0.50 0.00 - 0.25
Fair 0.50 - 1.00 0.25 - 0.50
Good 1.00 - 2.00 0.50 - 1.00
Very Good 2,00 - 4.00 1.00 - 2.00
Excellent > 4,00 > 2.00

ROCK-EVAL PYROLYSIS

Although & prelimenary source rock classification is made using TOC data a more accurate assessment
accounting for organic source type and maturity is made by pyrolysis analysis. Two types of Rock-Eval
pyrolysis services are offered: '"one run" which involves pyrolysis of the crushed but otherwise untr-
eated sediment and "two run" which involves pyrolysis of both the crushed, untreated sediment and sedi-
ment which has been rendered free of carbonate minerals by treatment with hot dilute HCl. The two run
service offers considerably more reliable S3 data,

The method involves accurately weighing approximately 100mg of the sample into a sintered steel crucible
and subjecting it to the following pyrolysis cycle:

Stage (i) - Sample purged with helium for 3.5 minutes in unheated part of pyrolysis

furnace;
Stage (ii) - Sample heated at 300°C for 3 minutes to liberate free petroleum (S1 peak);

Stage (iii) - Sample heated from 300°C to 550°C at 25°C/minute to produce petroleum from
kerogen (S2 peak). The furnace is maintained at S50°C for one minute.
Carbon dioxide produced during this pyrolysis up to 390°C in the case of
"one run" and 550°C for "two run" is absorbed on a molecular sieve trap;

Stage (iv) - During cool-down period the carbon dioxide produced during pyrolysis is
mea sured (S3 peak).

The units used for Rock-Eval data are as follows:

Sl’ Sz. S = kg/tonne or mg/g of rock

3
Tonnx - ¢
Hydrogen Index = sZ x 100
T
Oxygen Index - 53 x 100
T0C T

Rock-Eval data is most commonly used in the following manner:

(1) Sl - indicates the level of oil and/or gas already generated by the sample

according to the following scale:

Sl (mg/g or kg/tonne) Classification
0.00 - 0.20 Poor
0.20 n.40 Falr
0.40 - 0.B80 Good
0.80 - 1.60 Very GCood
> 1.60 Excellent
(i1) 51652- referred to as the genetic potential this parameter is used for source
rock clanssificntion according to the (ollowing criteria:
Slosz (mg/g or kg/tonne) Classification
0.00 - 1.00 Poor
1.00 - 2.00 Marginal
2.00 - 6.00 Moderate
6.00 - 10,00 Good

10,00 - 20,00 Very Good



i

(1i1)
(iii) Sl/(SIOSZ) - this paramcter is the production index (P1) which is a measure
of the level of maturity of the sample. For oil prone sediments,
values less than 0.1 are indicative of immaturity, the values
increase from 0.1 to 0.4 over the o0il window and values greater
than 0.4 represent overmaturity. For gas prone sediments, the
PI data shows 8 relatively smaller change with increasing maturity.

(iv) Tmax - the temperature corresponding to the SZ maxima. This temperature
increases with increasingly mature sediments. Values less than
430°C are indicative of immaturity while values from 430/435 to
460°C represent the maturity range of the oil window. T values

max
greater than 460°C are indicative of overmaturity.

(v) HI, Ol - the hydrogen ([Szx100]/TOC) and oxygen ([SsxloollTOC) indices when
plotted against one another provide information about the type of
kerogen contained in the sample and the maturity of the sample.

Both parameters decrease in value with increasing maturity. Samples
with large Hl and low Ol are dominantly oil prone and conversely

sample:with low Hl and large Ol are at best gas prone.

EXTRACTION OF SEDIMENT SAMPLES

Crushed sediment (maximum of 250g) and 300mls of purified dichloromethane are placed in a 500ml con-
ical filask and are then blended for ten minutes with a Janke and Kunkel Ultra-Turrax T45/2G high
efficiency disperser. After a ten minute settling period the solvent is separated from the sediment
using a large Buchner filtration system. The extract is recovered by careful evaporation of the
solvent on a steam bath and weighed. The weight of extract is used to calculate $ EOM and ppm EOM

using the following formulas:

Wt EOM (g) x 100

$ EOM = —_—
Wt Sediment Extracted (g) 1
Wt EOM {mg)

ppm EOM =
Wt Sediment Extracted (kg)

The following scale is used to classify the source rock richness of samples based on ch‘ extractables:

Classification ppm Total Extract
Poor 0 - 500
Fair 500 - 1000
Good 1000 - 2000
Very Good 2000 - 4000
Excellent > 4000

SEPARATION OF PETROLEUM INTO CONSTITUENT FRACTIONS

Sediment extracts and crude oil or condensate samples are separated into saturate, aromatic and NSO
(asphaltenes plus resins) fractions by modium pressure 1iquid chromatography (MPLC). That part of the
petroleum which is soluble in pentane is applied to the MPLC system via a sample loop and is then pumped
using pentane to a partially activated silicic acid pre-column which prevents further movement of the
non -hydrocarbon compounds, The hydrocarhon components are pumped further to a Merck Si60 column where
the saturate fractlon te ohtained by forward flushing and the aromatic fraction is recovered hy reverse
tlushing. This separation procedure is monitored using s refractive index detector, To complete the
separation the pre-column is removed from the MPLC system and flushed wlith dichloromethane: mothanol
(1:10). This non-hydrocarbon fraction is combined with the pentane insoluble material which is not
applied to the MPLC system, and is labelled as the NSO fraction. The neat fractions are recovered by

careful removal of the solvent hy distiliation and are weighed.

Tho welght of ecach fraction Ix used to calcuinte the § of each fraction in the petroloum snd the ppm

of each fraction Iin the sediment uccording to the following formulas:

Wt Fraction 100
\ Fraction » —«w—————— X "7
Wt All Fractions ]

Wt Fraction (mg)

ppm Fraction = -
Wt Sediment Extracted (kg)

The ppm hydrocarbon (saturstes + sromatics) and ppm saturate values can be used to classify source

rock richness and oil source potential respectively according to the following criteria:

Classificntion ppm_liydrocarbon ppm Saturates
Poor 0 - 300 0 - 200
tair AU 600 200 - aop
Good a0 - 1200 400 - Ao0

Very Good 1200 - 2400 800 - 1600
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The composition of the extracts can also provide 1nformution about their levels of maturity und/or
source type (LeTrun et. al., 1974; Philippi, 1974). CGenerally, marine extrscts have relutively low
concentrations of saturated and NSO compounds at low levels of maturity, but these concentrations
increase with increased maturation. Terrestrially derived organic matter often has a low level of

saturates and large amount of aromatic and NSO compounds irrespective of the level of maturity.

N.B. If requested by a client the NSO fraction is scparated into asphalentenes and resins by

conventional methods.

EXTRACTABLE/TOTAL ORGANIC CARBON RATIOS

The ratios of EOM(mg)/TOC(g) and SAT(mg)/TOC(g) are determined from the appropriate data. The EOM
(mg)/TOC(g) ratio can be used as u maturation indicator, especially if the purumeter is plotted
ugainst depth for a given scdimentary sequence. In an absolute sonse it is less reliable as o
maturation indicutor, although previous work (Tissot ot. al., 1971; LeTran et. al., 1974) suggests
that the following criteria can be used to determine maturity with this parameter:

<50 Low maturity
50-100 Moderate muturity
~100 High maturity

The ratios of EOM(mg)/TOC(g) and SAT(mg)/TOC(g) can be used collectively to provide information about
source type. For example, if SOM(mg)/TOC(g) is >100, suggesting a high level of maturity, but the
SAT (mg)/TOC(g) <20 it is very likely that the organic matter is gas prone. Conversely, the same EOM
{(mg)/TOC(g) value with 8 SAT(mg)/TOC(g) value >40 suggests oil prone source type.

C,,+ GAS CHROMATOGRAPHY

12
ClZ' gas chromatography is commonly carried out on the saturate fraction but in certain instances is
carried out on neat oil, condensate or extract, The analysis is carried out under the following con-
ditions: instrument = Shimadzu GC-9A; column = 50m x 0.2mm ID OV101l vitreous silica; column tempera-
ture = programmed from 60°C to 280°C at 4°C/min; injection system = Grob splitless using 8 30 sec.

dump time anq split ratio of 25:1; carrier gas = hydrogen at 2mls/min; injector temperature = 300°C; de-
tector temperature = 310°C; recorder/integrator speed = 0.5cm/min; Sample = 1lul of 0.5% soln in pentane.

The following information is commonly obtained from C12'~ gas chromatographic analysis:

(a) n-Alkane Distribution - The Clz-C31 n-alkane distribution is determined from the area under

peaks representing each of these n-alkanes. This distribution can yield information about
both the level of maturity and the source type (LeTran et. al., 1974).

(b) Carbon Preference Index - Two values are determined:

CPI(1) = (C23 + C25 + C27 + ng)wtt * (CZS . C27 + C29 + c}l)"t‘

2 x (C24 + C26 + CZB + CSO)Nt!

CPI(2) = (Cz3 + Czs . C27)Nt\ + (CZS + C27 + CZQ)NI\

2 x (Caq * Co6 * Cagywey

The CP1 is believed to be a function of both the level of maturity (Cooper and Bray, 1963;
Scalan and Smith, 1970) and the source type (Tissot and Welte, 1978). Marine extracts tend
to have values close to 1 irrespective of maturity whereas values for terrestrial extracts
decrease with maturity from values as high as 20 but don't usually reach a value of 1.

(c

—

CZI'CZZ/CNOC29 - This parameter provides information about the source of the organic matter

(Philippi, 1974). Generally, a terrestrial source gives values <1.2 whereas a marine source
results in values >1.5.

(d) Pristane/Phytane Ratio - This value was determined from the areas of peaks representing these

—

compounds. The ratio renders information about the depositional environment according to the
following scale (Powell and McKirdy, 1975):

<3.0 Relatively reducing depositional environment
3.0-4.5 Reducing/oxidizing depositional environment
>4.5 Relatively Oxidizing depositional environment

(e) Pristlno/gC17thio - This ratio was determined from the areas of peaks representing these
compounds. The value can provide information about both the dcpositional environment and
the level of maturation (Lijmbach, 1975). Very immature crude oil has a prxstane/ﬂ-cl7
ratio >1.0, irrespective of the depositional environment. However, the following classifi-
cation can be applied to mature crude oil:

<0.5 Open wuater depositional environment
0.5-1.0 Mixed depositional environment
>1.0 Peat-swamp depositional environment

In the case of sediment extracts these values are significantly higher and the following

classification is used:
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<1.0 Open water depositional environment
1.0-1.5 Mixed depositional environment
>1.5 Peat-swamp depositional environment

(f) Phytune/g-clsnatlo - This rutio was determined from the areas of peasks representing these
compounds. The value usually only provides information about the level of maturity of

petroleum. The value decreases with increased maturation.

(g) Relative Amounts of n-Alkanes and Naphthenes - Since n-alksnes and naphthenes are the two
dominant classes of compounds in the saturate fraction, & semi-quantitative estimate of
the relative amounts of these compounds can be made from saturate GLC's. This information
can be used to assess the degree of maturation and/or the source type of the petroleum
(Philippi, 1974; Tissot and Welte, 1978). Very immature petroleum has only small propor-
tions of n-alkanes, but as maturity increases the relative amount of n-alkanes increases.
In addition, terrestrial petroleum has a greater proportion of high molecular weight

naphthenes than marine petroleum.

API/SPECIFIC GRAVITY

A specific gravity (SG) bottle was accurately weighc!, then filled with crude oil at 60°F and finally
reweighed. The weight difference was divided by the weight of an equal volume of water at 60°F to
obtain the specific gravity. The following formula was then used to calculate the API gravity:

API Gravity = (_ 141.5 ) _ 131.5
(5C (60°F)) :
The reported gravity value is the average of duplicate determinations.

SULPHUR DETERMINATION

The § sulphur by weight is determined by dissolving 0.5g of the petroleum in S0mls kerosene and then
analysing this mixture with an inductively coupled plasma (ICP) instrument which has been calibrated

with a series of sulphur standards.

This parameter is influenced by the nature of the soure material from which a crude is derived, the
depositional environment of the source rocks, and reservoir alteration processed such as bacterial
alteration.

WHOLE SAMPLE GAS CHROMATOGRAPHY

c,-C

1 731
This method of analysis is normally only applied to oil or condensate samples. The technique provides

a "picture” of the sample which shows good resolution of the low, medium and high molecular weight
components. Whole sample GC data is considered to be more useful than ch’ saturate fraction GC data

for oil or condensate samples.

The analysis is carried out under the same conditions as for the CIZ’ GC analysis with the following
oxcaptions: column temperature = programmed from -20°C to 280°C at 4*C/min (uses cryogenic modo);

injection is carried out In split mode; sample = 0.1ul of neat petroleunm.

Cl-C-.’l analysis data can be used to obtain the same information as that obtained from Clz* GC but
further provides detailed compositional data on the Cl-Cl) fraction and enables calculation of the

distillation range of the sample.

MOLECULAR SIEVE EXTRACTION

This technique is used to isolate the branched/cyclic alkanes from the saturate fraction for gas chroma-
tography/mass spectrometry analysis. A mixture of saturates: SA molecular sieves: purified benzene in
the proportions 1:5:12 by weight is placed in a 100ml round bottom flask and refluxed for 24 hours.
After cooling, the sicves are filtered from the liquid phase and are washed with 4 x 10ml aliquots of
benzenes, The liquid phase plus washings are trend of bhentene by dintitintion yielding the hranched/

cycle compounds,

COMPUTERIZED GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)

Gas chromatography/mass spectrometry employs a capillary column gas chromatograph linked in series with
a mass spectrometer and data system (GC/MS/DS). As molccules are eluted from the capillary column thoy
arc bled into the analyser tube of the mass spectrometer where they are bombarded with high enorgy
electrons and consequently fragment to form several ions each with molecular weights less than that of
the parcent molecule. The fragmentation pattern is characteristic of the particular molecular type.

The spectrum of these ions (referred to as a mass spectrum) is recorded approximately once every second
and all of the mass spectra recorded during a GC/MS/DS analysis are memorized by the data system. Since
any given cluss of molecules will break down in the analyser tube to give one or more characteristic jon
fragments ol known molecular weipht, after a GC/MS/DS analysis it is possible to examine the distribution
of compounds within a given class by having the Jdata system reproduce a mass fragmentogram (plot of ion

concentration against gas chromatography retention timc) representative of the particular class.



(vi)

GC/MS/DS anaslyses can be cuarried out using one of the following two modes of operation:

st

. i i a mada ) - i dm amm s m e meam® miiim o P SRS T =
(i) Acguire mode - in which all jons in each mass spectrum are memorized by the
datn systom;
{il) Sclecctive ion monitoring (SiM ode - in which only sciectod lons of intorest

At present the sterane/triterpane fraction of petroleum is considered most useful for GC/MS/DS analysis
and therefore we commonly use the second of the above mentioned modes of operation and run the follow-

inp twenty ions which are pertinent to the sterane/triterpane fraction.

Ton

Molecular Type

p——————

177 Demethylated triterpanes

191 Normal triterpanes

205 Methyl triterpanes

1063 Specific dethylated tritcrpanes
356 Parent jon - C0 triterpanes
370 Parent ion - C27 triterpanes
384 Parent ion - C28 triterpanes
398 Parent ion - ng triterpanes
412 Parent ion - C30 triterpanes
426 Parent ion - C31 triterpanes
183 Isoprenoids

217 Normal steranes

218 Normal steranes

231 4-methyl steranes

259 Diasteranes

358 Parent ion - C26 steranes
372 Parent ion - C27 steranes
386 Parent jon - C28 steranes
400 Parent ion - ng steranes
414 Parent ion - C30 steranes

GC/MS/DS analysis of the sterane/triterpane fraction can often provide information about the maturity
and source type of petroleum and whether it has been affected by microorganisms. This technique is
also often useful for oil:oil and oil:source rock correlation. The following sections indicate which
parameters are used to obtain this information and summarize the theory behind their use.

Maturity
(i) Based on Steranes
(a) The biologically produced aaa(20R) sterioisomer is converted in sediments
to a mixture of the aaa(20R) and aaca(20S) compounds. The ratio of
C29 EEE%%%&%ggéETTUST expressed as a percentage is about 25% at the onset
of oil generation and increases almost linearly to a value of about S0%
at the peak of oil generation.

(b) The biologically produced aaa steranes are partially converted during

catagenesis to the corresponding aBB series. The percentage of the ng
aBf component in the total ng steranes is another measure of maturation.

The value of this parameter is about 25V at the onset of oil generation
and it increases exponentially to a value of about 70% at the peak of
oil generation.

(ii) Based on

Triterpanes

C.,» and C,. hopanes have the biological R configur-

(a) The Cyy, Cyps Cy3s Cyy 35
ation at sz. On mild thermal maturation equilibration occurs to produce
a 60/40 mixture of S/R. This equilibration occurs before the onset of

oil generation.

(b) The conversion of the biological 178,218 hopanes to the corresponding
17a,218 and 178,2la compnung; is also maturation dependent. For CSO
. . 1 la
triterpanes the ration of T7Ef7TB decreases steadily from a value of
about 0.4 at the onset of oil generation to a value of about 0.1 at

peak oil generation.

(c) Two of the 627 triterpanes can also be used as maturity indicators.
The ratio of 18u(ll) trisnorhopane to 17a(ll} trisnorhopane increases
exponentially with increcasing maturity from a value of approximatcly
0.2 at the onset of oil generation to approximately 1.0 at peak oil
gencration.

(d) It is our expericnce that the ratio of the C27 18a(H) + C27 17a(H)
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ratio docrvusos from values around 1.0 ut the onsot of vil gonorution
to a value of spproximately 0.4 at peak o0jl goncrution. With increas-
ing maturity at levels greater than that cquivalent to peuk oil genor-
ation the ratio increases steadily to values greater than 3.0.

Source Type

(1) Based on Steranes
Algal organic matter contains steranes in which the C27 compounds are more abundunt than the
ng compounds. General marine organic matter has approximately equivalent amounts of the C27
and ng compounds while organic matter rich in land-plants usually has more of the ng steranes.

(ii) Based on Triterpancs
The triterpano compononts in petroleum can be derived from both bucteria und higher plants. The
common buctorlul products uro the 017-C35 hopunos und moretunvs whoroas tho higher plant triter-

panes are compounds other than hopanes or moretanes and are commonly Cyp compounds.

(iii) Based on Diasteranes
The diasteranes are not produced biologically but are formed during early diagenesis from sterane

c27(20R)and C27(20R'ZOS)

precursors. The diasterane ratios should reflect the nature of the

organic matter in the same manner as ?hnt outlinéa above for the steranes.

Biodegradation

1t has been observed that in severely biodegraded petroleum the series of normal hopanes are converted
to a series of A ring demethylated hopanes and the ng aaa{20R) sterane is selectively removed. For
altered crudes which have not been degraded to this cxtent the severity of biodegradation cun often be
gauged by studying the isoprenoid and aromatic fractions. However, this type of investigation extends
beyond a standard GC/MS/DS analysis.

Correlation
Our present approach to o0il:oil or oil:source rock correlation problems is as follows:

(i) Compare the distribution of compounds in the 177, 191, 217, 218, 259 and 400
mass fragmentograms for an oil or sediment extract to the distribution of
compounds in the respective fragmentograms for the other oil(s) or sediment
extract(s). It is necessary in this type of comparison to make allowance for
small variations due to possible maturity differences.

(ii) Examine the fragmentograms for peaks or sets of peaks which may represent com-
pounds that are specific to the geological system under investigation. Normal
steranes, diasteranes and bacterial hopanes cannot be used for this purpose
because they are present in virtually all crude oils and sediment extracts.
However, compounds like higher plant triterpanes, 4-methyl steranes, bisnor-
hopane and botryococcane can often prove very useful for this purpose.

CARBON ISOTOPE ANALYSIS

The measurement is carried out on one or more of the following mixtures; topped oil; saturate fraction;
aromatic fraction; NSO fraction. The organic mattor is combusted at 860°C in oxygen and the carbon
dioxide formed is purified and transferred to an isotope mass spectrometer. The carbon isotope ratio is
measured relative to a standard gas of known isotopic composition. In our case the standard gas is pre-
pured from the NBS No. 22 oil. However, since the isotopic relationship between NBS No. 22 oil and the
international referonce PDB limostone are known, thoe values ure adjustod to be rolative to PDB limestone.

Although carbon isotope data has been commonly used for oil to oil and 0il]l to source rock correlation its
most significant application is the identification of source of gas according to following criteria

(Fuex, 1977): 13

6" "C (PDB Gas Type

-85 » -58 Biogenic methane

-S8 + -40 Wot gus/associuted with oil
-40 » -25 Thermal methane

VITRINITE REFLECTANCE MEASUREMENT

Vitrinite is a coal maceral which responds to increasing levels ot thermal maturity. This response can
be measured by the percent of light reflected off a polished surface of a vitrinite particle emursed in
0il. Reflectance moasurvements are mude on a numher (40 if possible) of vitrinite particles in ouch
sumple, in order to estublish & runge and meun for reflectunce values. Immature rocks huve low reflect-
ance valucs (U.2% Ro to 0.6V Ro), with mature values ranging from 0.6% Ro to 1.0V Ro. Very maturc vulues
are between 1.6% Ro and 2.4% Ro, while severly altered rocks have reflectances above 2.5% Ro.

Vitrinite reflectance results are best obtained from coals or rocks deposited in environments receiving
large influxes of terrestrially-derived organic matter. Unfortunately, these environments are not con-
ducive to the accumulation of large quantities of oil-prone organic matter. Also vitrinite reflectance
cannot be performed on rocks older than Devoniun Age, due to the abscuce of land plants in the older

geologic time periods.



(viii)

VISUAL KEROGEN

Visual kerogen assessment is carried out by the coal petrologist and/or the palynologist, In the case of

the petrologist the assessment is made in reflected light using the plug prepared for vitrinite reflect-
ance measurement, and recports the relative amounts of alginite, exinite, vitrinite and inertinite
particles.

Visual study of kerogen by the palynologist is carried out in transmitted light and can indicate the
relative abundance, size, and state of preservation of the various recognizable kerogen types and hence
indicates the source character of a sedimentary rock. In addition, the color of the kerogen is related
to the thermal maturity of the sediments and is often used as & maturation indicator.

The preparation of slides for visual kerogen assessment by the palynologist firstly involves concentra-
tion of the organic matter by removal of the rock matrix using hydrochloric and hydrofluoric acid
treatment and heavy liquid separation. The organic concentrate is then mounted on a glass slide using
Petropoxy.
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No significant liquid hydrocarbon source rock potential is indi-
cated for the 13 51dewéll\eores/(§34jto_4 //M}\gxamlned from the above
cited well. Gas pote htial~is—indicated—in the\s ction (below approx.
3800 meters) that ha Ro values higher than 1. } Seven of 13 samples
are dominated by a 1qurd\prbn54amorphousﬂkergge;\type, but the lack
of fluorescence ln\the!biue llgbt rangé oeupled with the low hydrogen
index values (max1mum of lépgj1halcaté\poorf11Qu1d potential. An oxi-
dizing deooaltlonal nv1ronment proB‘bly lowered /the kerogen's oil
potential. an adja dE area with moré reducing ¢onditions could still
be a candidate for a llquld hydx\\arbon/source rock.

Total organ1 rbon C)‘val ~"rich"™\in 9 out of 13
samples. The rem ng TOC Va1u re ln e "fa r \" range for the 4
deepest samples c ected befwee 3295 and 175 M. This lower TOC
zone unfortunatehy! oin 1des 1t maturl y evels %hat are optimum for
ligquid hydrocarbon\ eneratron or arp appro chlng/th thermal dry gas

range. \\\ - //>//

The only m1531ng\parameter for a goodAiigpag/hyarocarbon source
rock appears to be a moré‘reduCLng,/aQQX%e'q/p951*1onal environment,
which could be nearby if paléogebg;aphy‘ana paleocirculation patterns
were favorable. Two references for pursuing this topic are: 1)
Parrish, J. T. and Curtis, R. L., 1982. rAtmospheric circulation,
upwelling, and organic rich rocks in the Mesozoic and Cenozoic eras."
Palaeogeography, Palaeoclimatology, Palaeoecology, 40: pp. 31-66; and
2) Demaison, G. J. and Moore, G. R., August 1980, "Anoxic Environments
and 0il Source Bed Genesis," AAPG Bulletin, V. 65-2, pp. 181-190.

A very high S1 pyrolysis peak in core 2733 meters may suggest an
0il reservoir, migration pathway, or contamination. The production
index (S1/(Sl + S2) and the thermal extraction index (S1 x 100)/TCC
generally indicate both increasing maturity and generation with
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increasing depth. These data are consistent with the TAI (spore
color) and Ro (vitrinite reflectance) maturity information. The
hydrogen index values are low for all 13 samples. These figures again
are consistent with the visual observations in which a combination of
non~-fluorescent, probably oxidized amorphous algal kerogen and land
derived gas-prone kerogens indicates a low potential for liquid hydro-
carbons.

Vitrinite quality in sample 4175 meters is poor and therefore
the confidence in the data obtained is low.

Figures and Tables included in this report include:

Figure 1. Thermal alteration and source rock potential plot.
Figure 2. Pyrolysis results plot.

Figure 3. Log % reflectance, unedited vitrinite data plot.

Table 1. Thermal alteration and source rock potential data.

Table 2. Pyrolyéis\resuLtsAdaEELd////\\\\
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PE902249

This is an Enclosure indicator page.
The enclosure PE902249 is enclosed within the container PES00161
at this location in this document.

The enclosure PE902249 has the following characteristics:

ITEM_BARCODE = PES02249

CONTAINER_BARCODE = PE900161

NAME = Bridgewater Bay 1 Figure 2 (Appendix
8) Pyrolysis Results

BASIN = OTWAY

TYPE = WELL

SUBTYPE = DIAGRAM

DESCRIPTION = Bridgewater Bay 1 Figure 2 (Appendix
8) Pyrolysis Results

W_NO =Wa831

WELL_NAME = BRIDGEWATER BAY-1

CLIENT_OP_CO = PHILLIPS AUSTRALIAN OIL

COMPANY
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